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important pasture insect pest, explaining between 4.66% and 6.24% of the variation.
Introduction
Materials and methods 145 Plant material and DNA extraction 146 At the Brazilian Agricultural Research Corporation (Embrapa) Beef Cattle 147 (EBC), Campo Grande/MS, an intraspecific cross was made between U. decumbens 148 D24/27 (sexual accession tetraploidized by colchicine) and U. decumbens cv. Basilisk 149 (tetraploid, apomictic cultivar used as the pollen donor); therefore, both parents were 150 tetraploid. The full-sib progeny of 239 F1 individuals was analyzed, from which 217 151 hybrids were identified using SSR markers obtained from Ferreira et al. (2016) . 152 Leaf samples from each hybrid and both parents were collected, and genomic 153 DNA was extracted using the DNeasy 96 Plant Kit (Qiagen GMbH, Germany). DNA 154 concentrations were determined using a Qubit fluorometer (Invitrogen, Carlsbad, CA) . 
GBS library construction and sequencing
number of reads for each SNP allele (Pereira et al. 2017) . Because this pipeline requires Linkage map construction 195 The linkage map was constructed using the TetraploidSNPMap (TPM, BioSS) 196 software (Hackett et al. 2017 ), following the methodology described in Hackett et al. 197 (2013 Hackett et al. 197 ( , 2014 . Linkage groups were constructed separately using the SNPs identified on 198 each relative S. viridis chromosome. Markers with significance of the χ 2 goodness-of-fit 199 statistic less than 0.001 for simplex and 0.01 for higher segregations were considered 200 distorted and were removed. A total of 2,745 distorted SNPs were excluded from the 201 cluster analyses. The remaining 1,515 non-distorted SNPs were clustered into 9 202 homologous groups using a Chi-square test for independent segregation as described by 203 Hackett et al. (2013) . 204 Considering the ordination of markers, a 2-point analysis was used to calculate 205 the recombination frequency and LOD score for each pair of SNPs in each possible 206 phase by an expectation-maximization (EM) algorithm to maximize the likelihood and 207 to infer the most likely phase as the one with the highest likelihood among those with a 208 recombination frequency < 0.5. Duplicate and near-duplicate SNPs were removed in 209 this step. The recombination frequencies were converted to map distances using 210 Haldane's mapping function, and a multi-dimensional scaling analysis (MDS) was then 211 performed to calculate the best order for the SNPs in the linkage group. After this step, 212 we excluded some SNPs that showed low LOD scores or that were distant from the rest 213 of the linkage group (Hackett et al. 2017) .
214
Some phases of the ordered SNPs were inferred by the automated phase analysis 215 in TetraploidSNPMap and completed manually based on the most likely phase for 216 previous informative pairs prior to carrying out QTL analysis.
217
A genetic linkage map was drawn using MapChart 2.32 (Voorrips 2002), and 218 SNP configurations were identified with different colors. 220 The resistance of U. decumbens to spittlebugs was evaluated in greenhouse 221 experiments at Embrapa Beef Cattle, Brazil, according to the methodology described by 222 Lapointe et al. (1992) and Valério et al. (1997) where is the phenotype of the i-th individual, at j-th block, l-th experiment, and k-239 th year; µ is the overall mean; is the random effect of the i-th individual 240 ( ~ (0, 2 )); ( ) is the random effect of the j-th block within the l-th experiment 241 ( ( ) ~ (0, 2 )); is the random effect of the l-th experiment ( ~ (0, 2 )); is 242 the fixed effect of the k-th year; is the random effect of the i-th individual by k-th 243 year interaction ( ~ (0, 2 )); and ɛ is the residual error (ɛ ~ (0, 2 )). Search for potential genes integrated in detected QTL regions 275 We investigated the functional annotation of the potential genes adjacent to the 276 SNP markers linked to the mapped QTLs ( Figure 3 ; Table S2) (Table S2 ). Then, we performed protein alignment using BLASTX with The GBS sequence data files supporting the conclusions of this article are in the process 287 of submission to the NCBI Sequence Read Archive (SRA), 288 http://www.ncbi.nlm.nih.gov/sra, with accession number SRP148665.
Phenotypic evaluation

289
Table S1 -Bowtie2 alignment results.
290 Table S2 -Functional description of mapped QTLs. (Table 1) . These markers were used in the subsequent steps. In Figure 3 , the possible genotype configuration of each marker is indicated by 379 the marker name prefix and the different colors. For example, markers with the prefix S 380 and the color black represent the simplex configuration (Table 3) . Four homologous 381 groups showed all configurations (HG1, HG3, HG5 and HG9), and simplex markers (S) 382 were the most frequent. The X-double-simplex (XSS) configuration was less frequent 383 and appeared in only HG3 and HG5 (Table 3 ; Figure 3 ). 388 Based on the phenotypic data, a multi-allelic QTL analysis was performed for 389 resistance to spittlebugs (Notozulia entreriana) by applying an IM model to the 390 integrated genetic map. Thus, we detected three significant QTLs for the studied trait on 391 homologous groups 1, 2, and 6. The male genitor of the mapping population, U. 392 decumbens D62 (cv. Basilisk), contributed to the resistance alleles for these QTLs. The 393 statistical analysis showed that the heritability between genotype means for the trait was 394 high (HC 2 = 0.79).
395
On chromosome 1, the QTL had a LOD score of 4.68 and explained 4.80 of the 396 trait variation for resistance to spittlebugs. This LOD score was above the upper 95% (Table 4) . 403 On chromosome 2, the maximum LOD score was 4.39, and this QTL explained 404 4.66 of the phenotypic variation for spittlebug resistance. The LOD peak was located at 405 position 60 cM, and its score was above the upper 95% LOD permutation threshold of 406 3.29 ( Figure S3 ). Again, the analysis with the simpler models estimated a duplex (Table 4 ).
410
The last detected QTL on chromosome 6 had the maximum LOD score of 5.49, 411 explained 6.24 of the trait variation and was above the 95% LOD permutation upper 412 threshold of 2.79 ( Figure S4 ). The QTL peak was located at 23 cM, and an analysis of (Table 4) . Search for potential resistance genes 424 We found sequence similarity in the regions of all adjacent markers of the three 425 mapped QTLs, with homologies for Arabidopsis thaliana and Oryza sativa. Functional 426 annotation of the sequences showed possible candidate genes involved in the spittlebug 427 resistance response (Table S2 ) that were transcribed in U. decumbens (Salgado et al. 428 2017).
429
The first identified QTL, located in HG1, had two adjacent markers that were each 430 identified in the S. viridis genome reference. The region of the GBS-based marker 431 D.1_40431816 showed similarity to pathogenesis-related gene 1 (PR1). The region of the 432 second adjacent GBS-based marker of this QTL, S.1_21570712, showed similarity to the 433 leucine-rich repeat (LRR) family protein and the WRKY11 gene, which is involved in 434 pathogen defense (Table S2 ).
435
The regions of the GBS-based adjacent markers to QTL2, DS.2_39902899 and 436 S.2_399022936, showed similarity to NBS-LRR and NB-ARC protein domains and with 437 the pentatricopeptide repeat (PPR) superfamily proteins (Table S2) .
438
QTL3, located in HG6, also had two adjacent markers that were each identified in protein family. Both regions of these markers adjacent to QTL3 showed similarity to LRR 446 protein domains (Table S2 ). 
Discussion
466
We used five pseudo-references from species genetically close to U. decumbens 467 to discover GBS-based markers ( found in the expressed regions of the genome, even though some of these may be 472 exclusive to U. decumbens. In a previous analysis, we tested the pipeline UNEAK (Universal Network-Enabled Analysis Kit) as implemented in the TASSEL-GBS gain since it is the first genetic architecture study with U. decumbens progeny. These 573 QTLs were located in HGs 1, 2, and 6, at 95 cM, 60 cM and 23 cM, respectively ( Figure   574 3). In HG1, the SNP D.1_40431816 was located at 0.6 cM from the first QTL. The 575 second QTL was located in HG2 at 0.4 cM from the SNP DS.2_39902899. In HG6, the 576 QTL was located between the SNPs D.6_25761630 and S.6_35357677, at 0.8 cM and 577 1.8 cM, respectively ( Figure 3 ; Table 4 ). The regions that gave rise to these markers 578 could be evaluated for future applications by signalgrass breeding programs. our results showed that it is possible to identify the alleles that contribute to the 586 increased values of the phenotypic trait in the male parent. This allows genotypes that 587 are less suitable for spittlebug development and survival to be found.
588
The percentage of phenotypic variance explained by each QTL ranged from 4.66 589 to 6.24 (Table 4 ). These percentages were relatively low, which indicates that no major 590 loci were detected and the resistance to spittlebugs trait is regulated by some genes, (Table 3 ). The QTLs are identified in HG1 and HG2. (Table 3) . A QTL is identified in HG6.
Conclusions 662
This study presents the first genetic map in an U. decumbens intraspecific progeny 663 using GBS-based SNPs with tetraploid allele dosage. These markers showed great 664 potential for QTL mapping and allowed, for the first time, the detection of three QTLs 
